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S U M M A R Y
Objectives: Strategies to effectively identify and refer children with severe acute malnutrition
(SAM) to Nutritional Rehabilitation units (NRU) can reduce morbidity and mortality.
Methods: From December 2011 to May 2012, we conducted a prospective study task-shifting
inpatient malnutrition screening of Malawian children 6–60 months to lay-screeners and evaluated
World Health Organization (WHO) criteria vs. the National Center for Health Statistics (NCHS)
guidelines for SAM.
Results: Lay-screeners evaluated 3116 children, identifying 368 (11.8%) with SAM by WHO cri-
teria, including 210 (6.7%) who met NCHS criteria initially missed by standard clinician NRU refer-
rals. Overall case finding increased by 56.7%. Mid-upper arm circumference (MUAC) and bipedal
edema captured 86% (181/210) NCHS/NRU-eligible children and 89% of those who died (17/19)
meeting WHO criteria. Mortality of NCHS/NRU-eligible children was 10 times greater than those
without SAM (odds ratio 10.5, 95% confidence interval 5.4–20.6).
Conclusions: Ward-based lay-screeners and WHO guidelines identified high-risk children with
SAM missed by standard NRU referral. MUAC and edema detected the majority of NRU-eligible
children.
K E Y W O R D S : malnutrition screening, task-shifting, WHO growth standard, National Center for
Health Statistics (NCHS) growth reference, mid-upper arm circumference (MUAC), Malawi.
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I N T R O D U C T I O N
Among children aged <5 years in developing coun-
tries, 19 million are severely malnourished, and
deaths from severe malnutrition exceed 450 000
annually [1]. Identifying children with severe acute
malnutrition (SAM) allows access to life-saving
interventions, including referral to nutritional re-
habilitation units (NRU), and may decrease mortal-
ity and future morbidity [2].
In 2006, the World Health Organization (WHO)
published growth standards for SAM intended to re-
place the National Center for Health Statistics
(NCHS) reference [3]. NCHS used anthropometric
measurements from mainly formula-fed US infants,
while the WHO standard uses measurements from a
primarily breastfed multinational cohort [4, 5]. Both
NCHS and WHO use bipedal edema and weight-
for-height (WFH) <3 standard deviations (SD)
below the mean (70% of the NCHS median and
80% of the WHO median) as defining characteristics
of SAM, but use different cutoffs for mid-upper
arm circumference (MUAC) (Fig. 1). The NCHS
cutoff for MUAC is <110 mm, while the WHO is
115 mm. All children with SAM by NCHS meet
WHO criteria for severe malnutrition; some children
meeting WHO criteria are only moderately malnour-
ished per NCHS. Operationally, many inpatient
NRUs throughout sub-Saharan Africa still use WFH
<70% of the NCHS median as admission criteria,
likely due to the input of resources needed to imple-
ment the newer WHO guidelines [6, 7].
Malawi is a sub-Saharan African country of 15.9
million people with one of the highest under-5
mortality rates globally (71/1000) [8, 9]. Thirteen
percent of children <5 years are moderately to
severely underweight, with 4% moderately to se-
verely malnourished [10]. Although Malawi has im-
plemented community-based therapeutic care to
identify and treat children in the outpatient setting,
mortality among hospitalized children with SAM is
extremely high with estimates between 14 and 49%
[11–13].
At Kamuzu Central Hospital (KCH) in Lilongwe,
Malawi, formal malnutrition screening is not rou-
tinely performed on admission by clinicians.
Clinicians admit children to the hospital and refer
those suspected of being malnourished by gross vis-
ual inspection (either obvious edema or wasting) to
the NRU for formal anthropometric and edema
evaluation by a trained nurse, as well as symptom
screen for diarrhea and appetite. NRU admission is
based on the 2006 Malawi Ministry of Health guide-
lines, which consist of modified NCHS criteria:
WFH <70% of the NCHS median, presence of
edema, or MUAC <110 mm [14]. The WHO guide-
lines for severe malnutrition have not rolled-out at
KCH, though they have begun to be introduced in
some inpatient settings in Malawi [15]. NRU-eligible
children receive daily weights, therapeutic feedings,
empiric antibiotics and vitamins.
Like many sub-Saharan African hospitals, the
KCH pediatrics ward suffers from staff shortages
including a patient-to-nurse ratio often exceeding
100:1 [16]. The WHO recommends that task-
shifting (redistribution of tasks to workers with less
training) can efficiently use available workforce
resources to improve clinical care [17]. Lay health-
workers have been successfully used in both
community- and facility-based care for a variety of
conditions including HIV [18], malaria [19] and
common childhood illnesses [20] in sub-Saharan
Africa. Task-shifting has been used at KCH to in-
crease HIV testing by lay-counselors and pediatric
patient triage by lay-vital sign assistants [16, 21–23].
Trained volunteers screen children in a number of
countries, including Malawi, as part of community-
based management of acute malnutrition programs
[24]; however, there is little literature describing
the use of lay-screeners to identify severely malnour-
ished hospitalized children to improve referral to
inpatient NRUs.
NCHS/Malawi NRU Reference WHO Standard
MUAC <110 mm MUAC <
WFH z-score < -3 SD
~ <70% of NCHS median
WFH z-score < -3 SD
~ <80% of WHO median
115 mm
Bipedal Edema Bipedal Edema
Fig. 1. Measures for severe malnutrition in children:
NCHS/NRU Reference vs. WHO Standard criteria.
Abbreviations: NCHS—National Center for Health
Statistics, NRU—Nutrition Rehabilitation Unit, WHO—
World Health Organization, —approximately, WFH—
weight-for-height, MUAC—mid-upper arm circumference,
mm—millimeters, SD—standard deviation.
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M E T H O D S
Study design
This was a prospective observational study with two
objectives: (i) to the evaluation of the use of lay-
screeners to identify children with SAM on the inpa-
tient wards missed by the standard NRU referral;
and (ii)assessment of the implications of using
WHO vs. NCHS criteria on inpatient SAM preva-
lence. Characteristics of severely malnourished chil-
dren identified by lay-screeners on the wards
(meeting NCHS or WHO criteria) were compared
to those who were admitted to the NRU by the
standard of care referral, including case fatality rate.
We assessed the distribution of anthropometric
measures used to identify children with SAM and
among those who died.
Study location
KCH is a tertiary care referral center serving the
central region of Malawi. The pediatric wards have
215 beds, and admissions exceed capacity with
over 13 000 annually [21].
Lay malnutrition screener training
Potential lay-screeners were recruited by asking
KCH pediatric wards and NRU staff for referrals.
Three people were interviewed and two were hired.
Both were literate, had graduated from secondary
school and were bilingual in Chichewa (local lan-
guage) and English. Neither had previous health care
setting experience. Lay-screener training consisted
of 10 days of instruction and supervision. Training
included malnutrition signs and symptoms, how to
accurately measure a height and a length with height
and length boards, reading a digital scale, measuring
a child’s weight with or without the caretaker as nec-
essary, including use of a calculator to subtract adult
weight from the total weight of child and caretaker,
using laminated NCHS reference and WHO growth
standard cards, performing a MUAC, measuring and
documenting edema, and completing the study form.
During the training period, measurements were in-
tensively supervised for 1 week by FMC (advanced
practice nurse) until competency was assured and
then intermittently (about once a day for one child)
for several months to ensure maintenance of quality
measurements and interpretation. The use and
interpretation of the NCHS- and WHO-laminated
cards were also observed during supervision. Lay-
screener data forms were assessed for missing data
and accuracy for several weeks following training.
Study procedures
Lay-malnutrition screeners conducted bedside an-
thropometric measurements on children aged 6–60
months admitted to the pediatric wards between
6 December 2011 and 31 May 2012. Height (or
length for children too young or ill to stand) was
measured to the nearest 0.5 cm using a wooden
measurement board. Weight was measured to the
nearest 0.1 kg using a digital scale. Children unable
to stand on the scale (due to age or illness) were
measured by subtracting the caretaker’s weight from
the combined weight of child and caretaker. Height
and weight were used to determine WFH NCHS
percent of median and WHO z-score using lami-
nated cards. MUACs were measured using UNICEF
pre-marked tapes. Bipedal edema was assessed by
applying thumb pressure to the dorsum of the feet
and lower extremities. Screeners recorded demo-
graphic data including sex and date of birth (or age
when birth date not available) from patient health
passbooks. Children screened on the wards who met
either WHO or NCHS criteria for SAM were
referred to the NRU for further evaluation. All chil-
dren referred to the NRU received confirmatory an-
thropometric evaluation by NRU staff. Children not
meeting NRU service requirements, but with NCHS
WFH <80% of the median, were offered enrollment
into outpatient therapeutic feeding programs.
Demographic and anthropometric data for standard
of care NRU admissions were collected from the
NRU register. Mortality data were collected from the
pediatric death register.
Ethical consideration
The Malawi National Health Sciences Research
Committee and University of North Carolina institu-
tional review board approved this study.
Statistical methods
Patients with complete data (age and anthropometric
measures) were analyzed. Categorical data were sum-
marized as proportions and non-normally distributed
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continuous variables by median and interquartile
range. Associations between categorical variables were
examined using chi-square tests, and between categor-
ical and non-normally distributed continuous values
with Mann–Whitney U-tests. Z-scores were compared
with t-tests. Unadjusted odds ratios (OR) for death
were calculated using 95% confidence intervals (CI).
All tests were two-sided using a pre-determined
alpha of 0.05. Emergency Nutrition Assessment
for Standardized Monitoring and Assessment of Relief
and Transitions software through EpiInfoTM (CDC,
version 2007, Atlanta, GA, USA) was used to calculate
WFH z-scores and percent of the medians for ana-
lysis. STATA (StataCorp, version 12, College Station,
TX, USA) was used for all other statistical analysis.
R E S U L T S
Between 6 December 2011 and 31 May 2012, a total
of 3670 children aged 6–60 months were evaluated
for malnutrition, of which 3650 had complete
demographic and anthropometric data (Fig. 2). Lay-
screeners measured 3116 children on the ward; there
were 534 standard of care NRU admissions. Lay-
screeners identified an additional 28.2% (210/744)
of all NRU-eligible patients, accounting for 6.7%
(210/3116) of all children screened on the ward.
Nearly 12% (368/3116) of children on the wards
evaluated by lay-screeners met WHO SAM criteria,
increasing case finding of severely malnourished
children by 56.7% (210/3116, 6.7% vs. 368/3116,
11.8%, p< 0.001). Children meeting WHO criteria
Children evaluated for malnutrion
Ages 6-60 months  
Dec 6, 2011 – May 31, 2012
3670
Intervenon






















Clinician Referral to NRU
(meeng NCHS/ NRU admission criteria)
534/3650
20 with incomplete data*
Fig. 2. Study Flow. Severely malnourished children identified by lay-screeners on the wards meeting WHO criteria, as
well as NRU eligible children initially missed by standard of care clinician referral vs. standard of care NRU admissions.
*Eleven with missing ages, one with missing MUAC, two with missing height, one missing edema, five unable to
calculate WFH % or z-score due to inaccurate height/weight measurement. Abbreviations: NRU—Nutrition
Rehabilitation Unit, NCHS—National Center for Health Statistics, WHO—World Health Organization.
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alone accounted for 42.9% (158/368) of severely
malnourished children identified on the ward by lay-
screeners.
Lay-screener identified children meeting NCHS/
NRU criteria were younger (median age 12.7 vs.
16.1 months, p< 0.001), with larger MUACs
(median 105 vs. 100 mm, p¼ 0.004) compared to
standard of care NRU admissions (Table 1). More
standard of care NRU admissions had edema (79.8%
vs. 46.2%, p¼ 0.001). Median NCHS WFH percent-
iles (74.1 vs. 74.6, p¼ 0.593) and WHO z-scores
(3.3, p¼ 0.928) were similar. MUAC and edema
captured 86% (181/210) of children meeting
NCHS/NRU criteria on the wards identified by lay-
screeners (Fig. 3).
Children meeting WHO SAM criteria only
were younger (median age 12.8 vs. 16.2 months,
p¼ 0.006), had larger MUACs (median 115 vs.
108 mm, p< 0.001), with higher NCHS WFH
percent of the median (median 80.4 vs. 74.1%,
p< 0.001) and WHO WFH z-scores (mean 2.3 vs.
3.3, p< 0.001) compared to those on the ward
meeting NCHS criteria (Table 2).
Children identified on the wards by lay-screeners
meeting NCHS criteria were more than 10 times as
likely to die, and those meeting WHO criteria were
Table 1. Comparison of children identified by lay-screeners on the ward meeting NCHS criteria for
SAM initially missed by standard of care clinician referral vs. standard of care NRU admissions
Standard of care









Age in months <0.001
6–11.9 79 (14.8) 65 (31.0)
12–23.9 222 (41.6) 85 (40.5)
24–35.9 142 (26.6) 35 (16.7)
36–60 91 (17.0) 25 (11.9)
Median age (IQR) 16.1 (11.7–24.0) 12.7 (9.5–21.6) <0.001
Gender
Male 271 (50.7) 103 (49.0) 0.676
Female 263 (49.3) 107 (51.0)
Edema
Yes 426 (79.8) 97 (46.2) <0.001
No 108 (20.2) 113 (53.8)
MUAC< 110mm
Yes 196 (36.7) 108 (51.4) <0.001
No 338 (63.3) 102 (48.6)
Median MUAC (IQR) 100 (90–110) 105 (100–110) 0.004
Weight for Height (WFH), n/Na
NCHS WFH< 70%b 31/108 (28.7) 45/113 (39.8) 0.082
Median NCHS WFH % (IQR) 74.6 (68.7–82.3) 74.1 (66.9–82.7) 0.593
Mean WHO WFH z-score (SD) 3.3 (1.6) 3.3 (2.1) 0.928
Diedc 38 (7.1) 15 (7.1) 0.990
SAM, severe acute malnutrition; NCHS, National Center for Health Statistics; NRU, nutritional rehabilitation unit; IQR, interquartile range; MUAC,
mid-upper arm circumference; mm, millimeters; SD, standard deviation.
aDenominator excludes children with edema.
b% of NCHS median.
cDied during hospitalization.
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seven times as likely to die, compared to those with-
out SAM (15/210, 7.1% vs. 20/2748, 0.7%, OR 10.5,
95% CI 5.4–20.6, p< 0.0001 and 19/368, 5.1% vs.
20/2748, 0.7%, OR 7.0, 95% CI 3.8–13.2, p< 0.001,
respectively). Fewer children meeting WHO criteria
only, compared to NCHS criteria, died (4/158, 2.5%
vs. 15/210, 7.1%, OR 0.34, 95% CI 0.12–0.99,
p¼ 0.05). Mortality was similarly high among stand-
ard of care NRU admissions and children identified
by lay-screeners meeting NCHS criteria on the wards
(38/534, 7.1% vs. 15/210, 7.1% OR 1.0, 95% CI
0.55–1.84, p¼ 1.00) (Table 1).
Of children identified by lay-screeners, the
highest case fatality rates were among those with
both MUAC <110 mm and bipedal edema (5/24,
20.8%). MUAC and/or edema identified 86.7%
(13/15) of children who died meeting NCHS and
90.0% (18/20) of those meeting WHO criteria
(Table 3).
D I S C U S S I O N
Identifying SAM among children is the first step
to reducing mortality related to this highly lethal
condition. Our study highlights two successful strat-
egies to increase case detection of SAM in a busy
central hospital. First, the use of WHO standards,
instead of the NCHS reference resulted in a 56.7%
increase in the identification of children with SAM
on the wards, all of whom are at high risk for mortal-
ity. Second, in a setting with limited resources,
we demonstrated that hospital-based malnutrition
screening can successfully be task-shifted from clin-
icians and nurses to lay-personnel. Additionally, the
use of two relatively simple measurements, MUAC
and edema, captured the majority of children with
SAM as well as those at highest risk of death.
The prevalence of SAM on the wards using
WHO criteria, compared to NCHS, increased by
1.8 times in our study. This increase is within the
range of the 1.5–8 times increase reported previ-
ously, as is the increased identification of younger
children [25–27]. Our ward prevalence of 12% is
similar to inpatient hospital-based studies from
Kenya but higher than the <5% prevalence reported
by other studies using outpatient cross-sectional sur-
veys and in refugee camps [25, 27–29]. We demon-
strated that assessing MUAC and edema can capture
most children with SAM in settings where measure-
ment of height and weight are not feasible. MUAC is
also less likely to be affected by hydration status
in acutely ill children [30]. Relying on clinicians in
busy inpatient settings to assess nutritional status for
referral to NRUs often leads to assessments based
on visual appearance only, which grossly underesti-
mates the burden of malnutrition, as evidenced by
the high proportion of children in our study and in
others missed by this type of evaluation [31]. Formal
anthropometric screening also is more likely to iden-
tify less severe cases, which can initiate earlier inter-
ventions and decrease mortality.
Mortality of children identified through WHO or
NCHS guidelines was high. Although children in our
study meeting WHO criteria only had lower mortal-
ity compared to those meeting NCHS guidelines,
the overall case fatality rate of children meeting
WHO criteria was seven times that of their non-
severely malnourished ward counterparts. This is
similar to other studies, which report that children
with WHO WFH z-scores <3 SD are nine times
more likely to die than children with mean WFH
z-scores, with similarly high mortality rates among
children with MUAC 115 mm [1, 28, 32].
Limitations to our study include a lack of data on
admitting diagnosis for all individual children
Fig. 3. Presence of bipedal edema and/or MUAC
<110 mm MUAC identified 86% (181/210) of children
with severe malnutrition by NCHS criteria on the wards
initially missed by NRU standard of care clinician referral.
Abbreviations: WFH—weight-for-height, MUAC—mid-
upper arm circumference, mm—millimeters.
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(including HIV). Among a subset of 300 children
who were severely malnourished by WHO guide-
lines, 17.3% were HIV-infected [33]. HIV infection
is known to significantly contribute to the morbidity
and mortality of hospitalized children with SAM [12,
13, 34]. Our lack of post-discharge follow-up and
use of the death register for mortality data likely
underestimated mortality. A recently published study
in southern Malawi reported a sobering 42% case-
fatality rate among children with SAM initially
treated in the inpatient setting, with a quarter of
children dying <90 days after discharge [12].
Underreporting of death in children meeting the
WHO standard only (not currently NRU eligible)
may have occurred due to shorter duration of hospi-
talization, as deaths among NRU-admitted children
are more likely to be captured during their typically
longer hospitalizations. Additionally, we may have
underestimated the case finding of the standard of
care referral system, as ward-based malnutrition
screeners may have identified children that would
have eventually been referred by a clinician.
Table 2. Comparison of children with SAM initially missed by standard of care NRU clinician refer-










6–11.9 70 (44.3) 65 (31.0)
12–23.9 60 (38.0) 85 (40.5)
24–35.9 18 (11.4) 35 (16.7)
36–60 10 (6.3) 25 (11.9)
Median Age (IQR) 12.8 (9.6–21.6) 16.2 (11.1–24.6) 0.006
Gender 0.253
Male 87 (55.1) 103 (49.0)
Female 71 (44.9) 107 (51.0)
Edema
Yes N/A 97 (46.2)
No 158 (100.0) 113 (53.8)
MUAC in mm
<110 N/A 108 (51.4)
110 to <115 121 (76.7) 31 (14.8) <0.001
115 121 (76.7) 139 (66.2) 0.030
>115 37 (23.3) 71 (33.8)
Median MUAC (IQR) 115 (110–115) 108 (100–125) <0.001
Weight for Height (WFH), n/Na
NCHS WFH< 70 %b N/A 45/113 (39.8)
Median NCHS WFH % (IQR) 80.4 (75.6–86.6) 74.1 (66.9–82.7) <0.001
WHO WFH z-score <3 SD 52/158 (32.9) 71/113 (62.8) <0.001
Mean WHO WFH z-score (SD) 2.3 (1.3) 3.3 (2.1) <0.001
Diedc 4 (2.5) 15 (7.1) 0.048
SAM, severe acute malnutrition; NRU, nutritional rehabilitation unit; WHO, World Health Organization; NCHS, National Center for Health Statistics;
IQR, interquartile range; MUAC, mid-upper arm circumference; mm, – millimeters; SD, standard deviation.
aDenominator excludes children with edema.
b% of NCHS median.
cDied during hospitalization.
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However, we only screened children after they had
been evaluated by admitting staff; therefore, this is
unlikely to have had a large effect. Although there is
a lack of data on the accuracy and reliability of lay-
screener performed malnutrition screening, our pro-
gram included regular supportive supervision with
immediate remediation of any identified gaps such
that measurements were consistent and reliable. In
addition, the use of similarly skilled individuals have
been successfully used to accurately measure vital
signs and perform basic triage on the pediatric wards
at KCH [16].
Our study adds important information regarding
the prevalence of SAM and associated mortality in
hospitalized children in sub-Saharan Africa, as well as
the effect of using different guidelines with differing
anthropometric cutoffs. Although there has been a
move to identify malnourished children in the outpa-
tient setting, our study shows that many children
with SAM are still hospitalized [35]. Hospitalized
malnourished children may have different needs than
their lesser or non-malnourished counterparts,
including fluid resuscitation methods and need for
empiric antibiotics [36, 37]. More intensive screen-
ing for malnutrition in the hospital setting may iden-
tify children at highest risk for death.
SAM remains an important cause of mortality in
hospitalized children in sub-Saharan Africa. Using
lay-screeners and WHO guidelines will identify more
children that could access potentially life-saving
interventions, including NRU resources. Widespread
use of ready-to-use therapeutic food, increased anti-
retroviral therapy coverage and administration of
empiric antibiotics are examples of encouraging de-
velopments in the management of SAM. Further
research is needed to determine whether existing re-
sources in Malawi are sufficient to adopt the WHO
guidelines and if identifying more children for mal-
nutrition interventions leads to improved morbidity
and mortality outcomes.
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